The exciton population in a higher subband of GaAs quantum wells, below the free carrier continuum, is studied by time-resolved luminescence spectroscopy. The lifetime of the exciton formed by an electron of the lowest subband and a heavy hole of the second subband is determined as 130 f 20 ps, in agreement with theoretical estimations of intersubband scattering based on acoustic phonon emission. The exciton lifetime in the second heavy-hole subband is considerably longer than reported values of the recombination time in the lowest exciton state at k=O. These findings lead to novel intersubband laser concepts based on excitons.
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Heavy-hole intersubband transition of resonantly excited excitons in quantum wells

Abstract:
The exciton population in a higher subband of GaAs quantum wells, below the free carrier continuum, is studied by time-resolved luminescence spectroscopy. The lifetime of the exciton formed by an electron of the lowest subband and a heavy hole of the second subband is determined as 130 f 20 ps, in agreement with theoretical estimations of intersubband scattering based on acoustic phonon emission. The exciton lifetime in the second heavy-hole subband is considerably longer than reported values of the recombination time in the lowest exciton state at k=O. These findings lead to novel intersubband laser concepts based on excitons.
INTRODUCTION
Relaxation processes of excitons in quantum wells have been studied recently in numerous experiments [I] . The time-resolved studies of radiative recombination [2-71 and also the transition rates of excitons below the free carrier continuum from the light-hole to the heavy-hole exciton subband [8] are of relevance in the context of this work. Other experiments of intersubband relaxation in quantum wells have been performed exclusively with free electrons.
In this work we present the first time-dependent measurement of an exciton in a higher quantized subband state. The (hh,-e,),, exciton, formed by electrons of the lowest (n=l) subband and heavy holes of the secortd (n=2) subband, is studied by time-resoived luminescence. Our experimental results lead to the conclusion that the exciton lifetime in the second heavy-hole subband is limited by acoustic phonon emission and considerably longer than the shortest reported values of radiative lifetimes of the ground state excitons at k=O in ultrahigh quality samples. The most important condition for achieving intersubband inversion can be then fulfilled in principle by optical excitation of higher subband excitons.
EXPERIMENTS
The strucoture used in the experiment2 was grown by molecular beam epitaxy and consists of 40 periods of 265 A GaAs wells and 260 A AlAs barriers. The linewidth of the low-temperature luminescence peak is 0.8 meV 191 indicating a high sample quality. The subband structure has been investigated by photolurninescence excitation spectroscopy (PLE), using a cw Ti:sapphire laser and detection at the (hh,-el)ls exciton peak. The spectra are shown in Fig.1 . The peak closest to the ground state is the light hole exciton at k=O labelled (lhl-el),,. The next peak labelled ( l~h , -e~) ,~ is the 1s exciton formed by an electron of the lowest subband and a heavy hole of the second subband. The radiative transition (absorption and emission) of this exciton is a forbidden transition in perfectly symmetric wells. The observation is possible due to the built-in electric field [lo] , which increases the band mixing. The electric field necessary for the observed oscillator strength is calculated [9] as -3 kV/cm, which is Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993503
